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Abstract 
Aerosol radiative properties are retrieved from the observed data using a ground based sky radiometer. The 
seansonal variations are discussed after a good validation using another sunphotometer. The derived results as 
input parameters are used to calculated aerosol radiative forcing (RF). The comparison between the measured flux 
and the modeled flux shows a good agreement at the surface. The mean values of RF due to aerosol at SFC, TOA, 
and in ATM during 2007 to 2010 are -33.9, -23.1, and 10.8 Wm-2, respectively. Because of high value in SSA, the 
relative RF kept in ATM is not so much though the large value of AOD over Hefei. 
 
1. Instruction 
Atmospheric aerosols have a significant impact on 
climate due to their imporatant role in modifying 
atmosphere energy budget. They are able to alter climate in 
direct and indirect ways. The direct effect is related to the 
scattering and absorption of solar and infrared radiation by 
aerosols, and the other one is due to changing the 
microphysical  and chemical properties of clouds by them. 
The scattering of solar radiation acts to cool the planet, while 
absorption of solar radiation by aerosols warms the air 
directly instead of allowing sunlight to be absorbed by the 
surface of the Earth. On global scale, the direct radiatve 
forcing is estimated to be in the range of -0.9 to -0.1 Wm-2 
for aerosols ( Intergovernmental Panel on Climate Change, 
IPCC, 2007)[1]. Yet, these estimats are subject to very large 
uncertainties because of uncertainties in spatial and temporal 
variations of aerosols. At local scales, as aerosol properties 
can vary spatially and temporally, radiative forcing due to 
aerosols can be also very different and it can exceed the 
global value by an order of magnitude. Hence, there is an 
urgent need to obtain more informantion on aerosol 
properties and radiative forcing due to aerosols in different 
regions of climate significance especially in China. 
SKYNET is an observation network to study aerosol, 
cloud, and radiation interaction in the atmosphere. Data 
collected by SKYNET network are very useful to extend our 
knowledge regarding the effects of aerosols on regional and 
global climate change. And PREDE Sky radiometer is a key 
instrument of this network and is useful to study aerosol 
properties. Also, there are other instruments implemented 
with, such as radiometers, microwave radiometer et al. Hefei 
(31.897N, 117.173E) site , as talked about in this paper, is 
one of the super ground-base stations in the eastern China. 
In this study, aerosol properties using sky-radiometer data 
in Hefei are derived, and high quality data including AOD, 
SSA, Ang. Index in clear day are obtained. Radiative flux at 
the surface is calculated and compared with observed 
radiative flux, which is based on inversed aerosol data and 
tested to be a good agreement. Then direct radiative forcing 
due to aerosol is also obtained over Hefei site. 
 
2. Instruments and Methods 
The instruments used in this study are installed at Anhui 
Institute of Optics and Fine Mechanics (AIOFM), 15 km 
west of Hefei city and are listed in Table 1. The PREDE 
Sky-radiometer is a key instrument of SKYNET network in 
Aisa and is useful to study aerosol properties. The calibration 
methodolog, quality control, data reduction precedures and 
cloud screening for this instrument are presented in [2-4]. 
The Sky-radiometer is operated continuously everyday 
except rain and snow , to acquire direct solar and diffuse sky 
radiances at predefined scattering angles. The data have been 
analysed by using the SKYRAD.PACK [2] version 4.2 for 
retrieval of aerosol optical thickness (AOT), SSA, 
asymmetry factor (ASY), volume size distribution (SD), 
refractive index (Mr,Mi) and angstrom index ( ). Daily 
mean AOD, SSA, ASY and M at 340, 380, 400, 500, 670, 
870, and 1020 nm wavelengths as well as SD and  are 
calculated after cloud-screening [4]. The sunphotometer   
is used for comparison with the sky radiometer. And the  
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Table 1 Instruments and parameters 
Instruments Parameters 
Sky radiometer  POM-02  
340,380,400,500,675,870,1020 nm 
AOT,SSA,ASY, Ang.Exp.,  
… 
Pyranometer  CM21  305-2800 nm diffuse Flux 
Pyrheliometer  MS-53 305-2800 nm direct Flux 
Microwave Radiometer WVR-1100 Precipitable water path, Liquid water path 
Sunphotometer DTF-5 
1050,860,780,670,610,520,400 nm 
AOD 
… 
 
Pyranometer, Pyrheliometer, and Microwave Radiometer 
are used for detecting diffuse, direct flux and water vapor 
content, respectively. All of them mentioned above, are 
operated simultaneously and data collected during Mar., 
2007 to Sep., 2010 are used in this paper.  In addition, the 
fluxes at the surface and top of atmosphere are also 
estimated by a radiative transfer calculation using SBDART 
model developed by Ricchiazzi et al.[5]. From these 
calculated fluxes, the radiative forcing due to aerosol can be 
known. The radiative effect of aerosols on solar radiation 
can be expressed in two ways, one the difference between 
the actual atmosphere with aerosols and the atmosphere 
without aerosols, and the other is the effect of anthropogenic 
aerosols only, that is the direct radiative forcing due to 
aerosols [6]. In present study, the former definition is used to 
get our results. 
 
3. Results and discusion 
The AOD values by skyradiometer, which are obtained 
using both direct and diffuse solar irradiance, are compared 
with the ones by sunphotometer using direct data. Figure 1 
shows the correlation between them in clear days of 
2008-2010 and a good agreement is given with the 
correlation coefficient of 0.973 and sample number of 2993. 
Note here that the sunphotometer DTF-5 is made in AIOFM 
and often calibrated on the top of mountain in a very 
sunshine day. Also, the performance of the sky radiometer 
was rountinely checked by professional personnel. 
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Fig. 1 Scatter diagram of retrieved AOD for the 675 nm channel by sunphotometer 
and skyradiometer during 2008 to 2010 over Hefei 
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Fig. 2 Frequency distribution of the AOD (500 nm) for the four seasons and the fitted Gaussian model 
 
The AOD is representative of the aerosol loading in the 
atmosphere column and is important for the identification of 
aerosol source regions and aerosol evolution. Figure 2 shows 
the frequency distribution of the AOD (500 nm) for the four 
seasons. The day number of each season used for analysis is 
214 (Spring), 166 (summer), 154 (autumn), and 135 (winter). 
The data is also transformed to logarithmic scale and fitted 
with the Gaussian model with a form: 
The lognormal probability distribution best represents the 
frequency distribution of AODs in the spring (   =0.962); 
in autumn, the fit is also good; but in summer and winter the 
fit is not so strong because of the influence of difference 
aerosols. So, the the frequency distribution of AODs can be 
characterized by lognormal probability distribution during 
the same source of aerosol ( e.g., in spring). In spring months, 
northern and northwestern cold front activities often attack, 
and the dust particles can be taken to Hefei along the cold air 
mass. Dust particles often were observed over Hefei in 
spring [7-10]. 
 
 
 
  
Table 2 Seasonal statistics of the AOD based on the fitted Gaussian model 
 0y  A  cx  w  
2R  
Spring -0.396+0.931 21.283+2.672 -0.368+0.028 1.029+0.094 0.962 
Summer 0.392+1.728 19.263+4.933 0.023+0.072 0.983+0.200 0.794 
Autumn -1.138+2.133 23.916+6.904 -0.396+0.045 1.288+0.230 0.910 
Winter -0.027+2.318 20.380+7.178 -0.322+0.068 1.185+0.277 0.818 
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Fig. 3 Frequency distribution of the Angstom index for the four seasons and the fitted Gaussian model 
 
Figure 4 shows the monthly mean AOD (500 nm),  (340-1020 nm), SSA (500 nm) and PWC over Hefei 
from Mar., 2007 to Sep., 2010 with error bars showing the 
standard deviation of monthly averaged value. The seasonal 
variation in AOD is evident with the biggest value in 
summer and smallest in fall, where a sharp increasing in 
June and decresing in November. The pattern of the monthly 
change in is that smallest value occurs in spring and in 
December, which indicates that the aerosol particles are 
large and related to dust events. At the meantime, the in 
summer and in fall small particles are loaded over Hefei.  
The Angstrom index is determined from the spectral 
dependence of the AODs, and is a good indicator of the 
aerosol size. The coefficient is calculated using regression 
analysis, in which the AOD values for 7 wavelengths 
(340-1020 nm mentioned above).  Figure 3 shows the 
frequency distribution of   (340-1020 nm) for the four 
seasons. Also, the gaussian model is used to fit the frequency 
distribution of  . If the value 0.8 is considered to be the 
point that can represent different aerosol type, lager dust 
particles often load in spring and sometimes in winter. In 
summer and in fall, the aerosols are maily made up of small 
particles. The wider spread in frequency distribution is seen 
in the summer than in the fall. The fitted lines in figure 3 
illustrate that the frequency distribution of   follow the 
normal probability function to some great degree; the 
correlation coefficients are 0.897 (spring), 0.954 (summer), 
0.977 (fall), 0.962 (winter). The smallest value in    will be 
indicator of big dust aerosol and small anthropologic 
aerosol. 
And the SSA is another important parameter indicated the 
aerosol type (absorption or not), which is a key variable in 
assessing the radiative forcing of aerosols[11]. The main 
source of error in the derived SSA is due to the calibration of 
the radiative data, and is about +0.03. From figure 4, one can 
see that the SSA in summer is much higher than other 
seasons and the SSA at end of the fall and at the beginning 
of the winter is much lower than others. In addition, the 
water vapor will affect the aerosol loading in summer season 
as shown in figure 4, and may be correlated to SSA and 
AOD. 
2R
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Table 2 Seasonal statistics of the    based on the fitted Gaussian model 
alfa 0y  A  cx  w  
2R  
 
Spring 1.368+0.736 7.538+1.015 1.078+0.020 0.398+0.048 0.897 
Summer 0.576+0.556 8.984+0.779 1.229+0.013 0.410+0.031 0.954 
Autumn 0.373+0.430 9.332+0.537 1.267+0.008 0.326+0.018 0.977 
Winter 0.878+0.649 8.720+0.800 1.105+0.012 0.380+0.030 0.962 
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Fig. 4 Monthly averaged AOD (500 nm),   (340-1020 nm), SSA (500 nm) and PWC over Hefei from Mar., 
2007 to Sep., 2010 by Sky-radiometer and microwave radiometer 
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Fig. 5 Scatter plot for the comparison of observed fluxes with the calculated fluxes for 
the direct and diffuse fluxes 
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Fig. 6 Seasonal aerosol radiative forcing at the surface, top of the atmosphere, 
and in the atmosphere during Mar., 2007 to Sep., 2010 over Hefei. 
 
Figure 5 shows the compared results between calculated 
and measured fluxes with the slope and offset values. The 
comparison shows a good agreement with the correlation 
coefficients of 0.997, and 0.983, for direct and diffuse fluxes, 
respectively. And the SD between calculated and measured 
surface fluxes ranges from 10 Wm-2 for the direct flux to 19 
Wm-2 for the diffuse flux. This discrepency may be caused 
by errors in the measured or assumed input data as well as 
errors in the flux observatios, and especially the input 
parameters related to aerosols. 
Figure 6 gives the seasonal aerosol radiative forcing (RF) 
at the surface (SFC), top of the atmosphere (TOA), and in 
the atmosphere (ATM). Here, aerosol forcing is integrated 
over 24 hours to get daily values and used for computing 
seasonal variations. The result shows that the value in 
summer is biggest, in fall is smallest. The mean values of RF 
due to aerosol at SFC, TOA, and in ATM are -33.9, -23.1, 
and  10.8 Wm-2, respectively. Because of high value in 
SSA, the relative RF kept in ATM is not so much though the 
large value of AOD over Hefei. 
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